We have synthesized a novel series of flying-seed-like derivatives (3a~g) based on phthalocyaninato copper(II) (abbreviated as PcCu) substituted by bulky groups {PhO (a), Thus, we have revealed that mesomorphism could be induced by these novel bulky substituents instead of using long alkyl chains, and that the mesophase structures were greatly affected by the number and position of methoxy groups. Especially, it is very interesting that the derivatives having methoxy group(s) at the meta position(s), 3c, 3e, 3f and 3g, tend to show enantiotropic mesophase(s), whereas neither the derivative having no methoxy group, 3a, nor the derivative having a methoxy group at the para position, 20 3d, show a mesophase.
Introduction
Generally, liquid crystalline materials are broadly categorized into rod-like (calamitic) and disk-like (discotic) molecules from their molecular shapes. In addition to the major of calamitic and 25 discotic molecules, banana-shaped, T-shaped and the other shaped molecules are also known as a minor of liquid crystalline materials. Nevertheless, each of the liquid crystals has a flat rigid central core and several flexible long alkyl chains in the periphery in almost all the cases. 1 When the liquid crystals are heated, the 30 peripheral long alkyl chains melt to form soft parts at first, whereas the central cores remain without melting. Generally, it may induce a liquid crystalline phase (= mesophase). Hence, people have long believed an essential requirement that a liquid crystalline molecule should have long alkyl chains in the 35 periphery. Since the discovery of the first liquid crystals in 1888, almost all the liquid crystals consist of a central rigid core and several peripheral long alkyl chains. Up to date, about 101,000 kinds of liquid crystals have been synthesized 1 and investigated in various fields, especially in liquid crystal display. However, in 1911 Vorländer found unique liquid crystals having neither a rigid core nor peripheral long alkyl chains. 3 They have been forgotten for about 100 years and a very few research on this type of liquid crystals have been done. [4] [5] [6] [7] [8] Figure 1 -(1) shows a representative molecular structure of sodium diphenyl 45 acetate, Ph 2 CHCOONa (1). In 2006, we revealed at the first time by using temperature-dependent X-ray diffractometer that this salt, Ph 2 CHCOONa (1), shows a hexagonal columnar (Col h ) mesophase. 8 The mesophase structure is also depicted in Figure  1 - (1) . As can be seen from this figure, the bulky substituent freely 50 rotates around the bond coloured in red ink to form a soft cornshaped part instead of long alkyl chains to show the columnar mesophase. In this mesophase, sodium metals form a onedimensional nano-wire and freely rotating diphenyl acetates cover the nano-wire to form an aromatic nanotube. The 55 mesophase-showing mechanism due to free rotation of the bulky substituent very resembles flying seeds of maple, so that we named such unique liquid crystals as "flying-seed-like liquid crystals". 8 In 2009, Usol'tseva and her co-workers found from polarizing 60 optical microscopic observations that a phthalocyanine (Pc) derivative substituted by four triphenylmethyl groups, (3Ph-PhO) 4 PcCu (2), depicted in Figure 1 - (2) shows a mesophase. 9, 10 The substituent of triphenylmethyl group in this compound very resembles the molecular structure of Ph 2 CHCOONa (1) in Figure of the bulky substituents to the other cores also induce mesomorphism. (2): Rotating bulky substituents induced mesophases in the previous compounds .
8, 11 (3) : Can we induce mesophases by using novel bulky substituents? One of the bulky substituents used in this work is depicted here.
From these investigations, we successfully established two 10 series of bulky substituents, (i) and (ii), inducing flying-seed-like liquid crystals: (i) Diphenylmethyl (Ph 2 -CH-), 2-methylethyl ((CH 3 ) 2 -CH-) and 3-ethylprophyl ((C 2 H 5 ) 2 -CH-).
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(ii) 4-(Triphenylmethyl)phenoxy (3Ph-PhO-), 4-(1, 1-15 diphenylethyl)phenoxy (2PhO-PhO-), 4-(1-methyl-1-phenyl)phenoxy (1Ph-PhO-) and 4-(tert-buthyl)phenoxy (0Ph-Pho-). 11, 12 Although a very few other liquid crystals having neither a rigid central core nor flexible peripheral long alkyl chains have been 20 reported until now, 13-17 the mesophase-originating mechanism has never been clarified without our flying-seed-like liquid crystals. 3 PhO, originates bigger excluded volume by the flip-flop. Accordingly, mesomorphism may be also induced not only by free rotation but also by flip-flop of bulky substituents. 40 In this study, we have synthesized the PcCu derivatives 3a~g substituted by a novel series of bulky substituent groups a~g:
to investigate their mesomorphism. As a result, we found that the derivatives having methoxy group(s) at the meta position(s) tend to show enantiotropic mesophase(s). We wish to report here the interesting results.
Experimental Section

50
Synthesis
The phthalocyanine derivatives, 3a~g, were synthesized according to Scheme 1. The precursor of phenol derivative 4c was synthesized from commercially available resorcinol (Wako) and iodomethane (Wako) by using our previously reported 55 method. 18 The precursor of phenol derivative 4e was synthesized from commercially available 3, 4-dimethoxybenzaldehyde (Wako) by using our previously reported method. 19 The other phenol derivatives, 4a, 4b, 4d, 4f and 4g, were purchased from Tokyo Kasei. These phenol derivatives (4a~g) were reacted with 60 commercially available 4, 5-dichlorophthalonitrile (Tokyo Kasei) to obtain the corresponding phthalonitrile derivatives (5a~g), which were converted into the corresponding phthalocyanine derivatives (3a~g). The detailed synthetic procedures are described below only for 65 the representative phthalocyanine derivative, [(m-C 1 )PhO] 8 PcCu(3c). For the other precursors (5a~b, and 5d~g) and phthalocyanine derivatives (3a~b, and 3d~g), the physical property data are only described. 70 A mixture of resorcinol (2.67 g、24.3 mmol), K 2 CO 3 (5.30 g, 38.3 mmol) and dry DMF (30 ml) in a 100 ml of three necked flask was stirred at 110 o C under a nitrogen atmosphere for 20 min. Then, iodomethane (7.86 g, 55.4 mmol) was added to the mixture and it was stirred at 110 o C under a nitrogen atmosphere 75 for 1.0 h. After cooling to rt, the reaction mixture was extracted with chloroform and washed with water. The organic layer was dried over Na 2 SO 4 overnight. After removing the Na 2 SO 4 by filtration, the filtrate was evaporated in vacuum by using an evaporator. The residue was purified by column chromatography (ii) refluxed under a nitrogen atmosphere for 17 h. After cooling to rt, the reaction mixture was poured into methanol to precipitate the target compound. The methanolic layer was removed by filtration and then the resulting precipitate was washed with methanol, ethanol and acetone, respectively. The residue was purified by 10 column chromatography (silica gel, chloroform : THF = 9:1, Rf = 0.70) and recrystallization from ethyl acetate to obtain 0.347 g of green solid. Yield = 66.7%. -: This compound did not completely burn out so that the observed carbon content showed lower by several percent than the calculated values. Therefore, these elemental analysis data are omitted here. MALDI-TOF Mass data for 3a~g: See Table 1 . Elemental Analysis data for 3b, c, g: See Table 1 . UV-vis spectral data 3b, c, e~g: See Table 2 .
3-Methoxyphenol (4c)
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Measurements
The compounds synthesized here were identified with a 1 H-NMR 5 spectrometer (BRUKER Ultrashield 400 MHz), a FT-IR spectrometer (Nicolet NEXUS 670), an elemental analyzer (Perkin-Elmer elemental analyzer 2400) and a MALDI-TOF mass spectrometer (AutoflexIII-2S). The elemental analysis data and MALDI-TOF mass spectral data of the phthalocyanine 10 derivatives 3a~g were summarized in Table 1 . Each of the electronic absorption spectra of all the phthalocyanine derivatives was recorded by using a HITACHI U-4100 spectrophotometer and the data were summarized in Table 3 . Phase transition temperatures and enthalpy changes of 3a~g. Phase nomenclature: K = crystal, Colro = rectangular ordered columnar mesophase, Mx = unidentified mesophase, Coltet,o = tetragonal ordered columnar mesophase, I.L. = isotropic liquid and dc. = decomposition.
Results and Discussion
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Synthesis
In Table 1 are listed the yields, MALDI TOF mass spectral data and elemental analysis data of 3a~g. As can be seen from this table, each of the mass spectral data of 3a~g is in good accordance with the calculated exact mass. On the other hand, the 35 elemental analysis data of 3b and 3g gave satisfactory values of C, H and N within ±0.4% deviation, but the observed value of C for 3c is smaller by 0.68% than calculated value and those of H and N are within ±0.4%. Since each of the other derivatives of 3a, 3d, 3e and 3f was much less flammable than 3c, it gave much 40 smaller carbon value by several percent than the calculated value. Therefore, these data are omitted in this table. It is a characteristic for less flammable phthalocyanine derivatives. 21 Table 2 summarizes the electronic absorption spectral data of 3a~g. As can be seen from this table, each of the derivatives of 3b, 3c and 45 3e~g gave Q-band and Soret band characteristic to PcCu complex having D 4h symmetry. Since the derivatives, 3a and 3d, were insoluble in any solvents, no data are listed in this table. However, it could be confirmed from their MALDITOF mass spectra in Table 1 that the target derivatives, 3a and 3d, were surely 50 synthesized. Also it could be judged from both the MALDI TOF mass spectra and the electronic absorption spectra of 3e and 3f in Tables 1 and 2 that they were surely prepared.
Phase transition behaviour
Phase transition behaviour of the phthalocyanine derivatives 3a~g 55 synthesized here is summarized in thermal gravity analyser (TGA) and a temperature-dependent small angle X-ray diffractometer. The phase transition behaviour of all the phthalocyanine derivatives 3a~g is described in the followings.
As can be seen from As can be seen from In our previous work on the long chain-substituted homologues of (p-C n OPhO) 8 PcCu, (m-C n OPhO) 8 PcCu and (o-C n OPhO) 8 PcCu, we reported that the steric hindrance of a peripheral chain 20 depends on its substitution position and becomes bigger in order of para position  meta position  ortho position, and that the greater steric hindrance induces weaker interaction among the central Pc cores. 24 Compared four present homologous PcCu derivatives 3a~d with each other, the non-substituted derivative 25 3a and the para-methoxy-substituted derivative 3d show only a crystalline phase; the meta-methoxy-substituted derivative 3c only shows enantiotropic mesophases; the ortho-methoxysubstituted derivative 3b only shows isotropic liquid. The PhO group cannot freely rotate due to the neighbouring PhO group, so Therefore, the meta-methoxy-substituted derivative 3c only shows enantiotropic mesophases, and the ortho-methoxy-45 substituted derivative 3b only shows isotropic liquid. Figure 3 shows photomicrographs of the Pc derivatives, 3c, 3e, 3f and 3g, exhibiting mesophases. Figure 3 texture which would be obtained by slow cooling from isotropic liquid. However, as can be seen from the photomicrographs in Figure 3 , each of the derivatives was spread to show stickiness together with birefringence when the cover glass plate was pressed at the temperature denoted below the photomicrograph. 60 Hence, these states could be identified as mesophases.
Polarizing optical microscopic observation
Temperature-dependent X-ray diffraction measurements
In order to clarify the precise mesophase structure, temperaturedependent small angle X-ray diffraction measurements were carried out for the Pc derivatives, 3b, 3c, 3e, 3f and 3g, showing 65 mesomorphism. These X-ray diffraction (XRD) patterns and their X-ray data are summarized in Figure 4 and Table 4 , respectively. As can be seen from the XRD patterns, no broad halo around 2 = 20 o due to the molten long alkyl chains are observed, although the halo can be generally observed for conventional liquid 70 crystals. It is resulted from no long alkyl chains in the present liquid crystals having only the shortest methoxy groups.
[(p-C 1 )PhO] 8 PcCu (3b)
The [(p-C 1 )PhO] 8 PcCu (3b) derivative substituted by a methoxy group at the para position of the phenoxy group shows a glassy 75 mesophase at rt. As can be seen from the XRD pattern in Figure  4 [A] and the X-ray data in Table 4 , this glassy mesophase gave six reflection peaks. All the peaks except for Peak No. 4 could be well assigned to the reflections from a 2D rectangular lattice having a P2m symmetry and the lattice constants, a = 20.7 Å and 80 b = 19.2 Å, by using Reciprocal Lattice Calculation Method. 25 Peak No.4 could be assigned to the stacking distance (h = 7.00 Å) among the central PcCu cores. Although the stacking distance of 7.00 Å is very long in comparison with the stacking distances usually observed at 4~5 Å for conventional rectangular columnar 85 mesophases, this stacking distance can be proven as a proper value from Z Value Calculation. 25 The number (Z) of molecules in a lattice can be calculated from this stacking distance (h = 7.00 Å) and the lattice constant of 2D rectangular lattice (a = 20.7 Å b = 19.2 Å) listed in Table 4 . 
When this glassy Col ro (P2m) mesophase was heated over the glass transition temperature at 87.4 o C, it relaxed into a crystalline phase K 1 . The XRD pattern of K 1 phase gave a lot of sharp peaks 5 in all the regions from low angle to high angle. This apparently implies that the glassy mesophase crystallized. On heating till the melting point from at 299.4 o C, no XRD pattern of the Col ro (P2m) appeared again. Therefore, the Col ro (P2m) mesophase is monotropic and appears only for the freshly prepared virgin 10 sample as a glassy Col ro (P2m) mesophase. Figure 4 [B] and the X-ray data in Table  4 , the XRD pattern at 230 o C gave thirteen peaks. All the peaks having different sets of lattice constants and stacking distance. On further heating, it showed an unidentified mesophase M x . As can be seen from the XRD pattern in Figure 4 [B] and the X-ray data in Table 4 , the M x mesophase gave only two peaks, so that we could not identified it. The mesophase in this derivative 3g decomposed so rapidly in the mesomorphic temperature region that the XRD pattern was measured for the glassy mesophase at rt. As can be seen from Figure 4 [E] and Table 4 , this glassy mesophase gave five reflections. All the peaks except for Peak No.5 could be assigned to the reflections from a2D tetragonal lattice having the lattice constant, a = 22.3 Å. Peak No. 5 could be assigned to the stacking 5 distance (h = 3.87 Å). Table 4 . X-ray data of 3b, 3c, 3e, 3f and 3g. Figure 5 illustrates dependence of the mesophase structure on the bulky substituent for the present flying-seed-like liquid crystals 15 based on (PhO) 8 PcCu. As can be seen from this figure, the bulkier the substituent becomes, the higher symmetry of mesophase becomes in order of (c, e)  f  g. Since the bulkiness of the substituent of c and e induced by flip-flop is the same, it may originate the same symmetry of P2 1 /a for 3c and 3e. 20 In Table 5 are summarized the appearance of mesomorphism of the present (PhO) 8 PcCu derivatives 3a~g. As can be seen from this table, the derivatives having methoxy group(s) at the meta position(s), 3c, 3e, 3f and 3g, show enantiotropic mesophase(s), whereas neither the derivative having no methoxy group, 3a, nor 25 the derivative having a methoxy group at the para position, 3d, show a mesophase. The derivative having a methoxy group at ortho position, 3b, shows a monotropic mesophase. We discuss about this reason from two points of excluded volume of the phenoxy group originated by flip-flop and steric hindrance of 30 the methoxy group(s) for stacking of the Pc cores. Figure 6 illustrates three representative molecular structures of (PhO) 8 Hence, the excluded volume may be strongly related with the appearance of mesomorphism: it can be thought that the excluded volume originated by flip-flop of the substituent is too small to form the part soft enough for appearance of a mesophase. Accordingly, when a methoxy group is substituted at the para position in the phenoxy group like as 3d, the excluded volume is 5 too small to show a mesophase. When a methoxy group is substituted at an ortho position like as 3b, the excluded volume is relatively elevate the melting point of crystalline phase to induce the monotropic mesophase for 3b. The driving force of columnar structure formation for disklike molecules is intermolecular interaction among central cores. It has already reported that peripheral substituents have an 25 effect on the columnar mesophase structures. [26] [27] [28] Since the intermolecular interaction among central cores of a series of the present PcCu-based liquid crystals is also affected by the peripheral bulky substituents, b, c, e, f and g, the various kinds of columnar mesophases, Col ro (P2m), Col ro (P2 1 /a), 30 Col ro (C2/m) and Col tet.o , may be originated. It is very interesting that the appearance of mesomorphism and the mesophase structures are greatly affected by the number and position of the methoxy groups.
Mesomorphism depending on the number and position of the methoxy group
Conclusion
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We have synthesized a novel series of flying-seed-like derivatives Thus, the derivative substituted by a methoxy group at a para position (3d) does not show mesomorphism, because the excluded volume originated by the flip-flopping substituent is small. On the other hand, the derivatives substituted by (a) methoxy group(s) at (a) meta position(s) (3c, e, f and g) show 5 enantiotropic mesomorphism, because the excluded volume is big enough. The derivative substituted by a methoxy group at an ortho position (3b) shows monotropic mesomorphism, because the excluded volume is big enough but the steric hindrance may block the stacking the central Pc cores. 10 In this work, we have revealed that mesomorphism could be induced by these novel bulky substituents instead of using long alkyl chains, and that the mesophase structures were greatly affected by the number and position of methoxy groups. It is very interesting that the derivatives having methoxy group(s) at the 15 meta position(s), 3c, 3e, 3f and 3g, tend to show enantiotropic mesophase(s), whereas neither the derivative having no methoxy group, 3a, nor the derivative having a methoxy group at the para position, 3d, show a mesophase. We believe that the present examples of novel flying-seed-like liquid crystals will greatly 20 contribute to explore a new field of liquid crystal science. 
Notes
